JAN 21 97 11:23 FR ECOLOGY & ENVIRONMENT206 621 9832 TO 5538124 P, 02715

ecology and environment, inc.

International Specialists in the Environment

1500 First Interstate Center, 999 Third Avenue
Seattle, Washington 98104
Tel: (206) 624-9537, Fax: (208) 621-9832

TECHNICAL MEMORANDUM

TO: Timothy Brinccficld, EPA Region 10

FROM: Gordon Randall, Ecology And Environment, Inc., Seattle, Washington

THRU: Dhroov Shivjiani, Ecology and Environment, Inc., Seattle, Washington

DATE: January 20, 1997

RE: Contract No. 68-W9-0020, WA No. 20-38-OPD4.

SUBJECT: Risk Calculations for Agricultural Workers at Monsanto h

The objective of this technical memorandum is to evaluate potential carcinogenic risks and non-cancer
health hazards to agricultural workers laboring ncar thc Monsanto Chemical Company (MCC) Soda
Springs Elemental Phosphorus Plant. This technical memorandum is intended to supplement the
baseline human health risk assessment for the MCC Plant (EPA 1995a). A full discussion of the risk
assessment process and the methodology used is presented in the baseline risk assessment; this technical
memorandum only lists differences from the assumptions used in the baseline.

1. Exposure Assessment

The following exposure pathways were evaluated for the agricultural worker scenario: soil ingestion,
inhalation of particulates in air, and external gamma cxposure. Scveral assumptions were made for this
scenario that deviate from standard EPA, Region 10, defaults for industrial receptors. As directed by
EPA (EPA 1997), agricultural workers were assumed to be present for 12 hours per day and 185 days
per year, These receptors were assumed to ingest 100 mg/day of soil, representing 100% of the default
adult incidental soil ingestion rate. An inhalation ratc of 30 m*day was used, representing 12 hours of
moderate activity. Agricultural workers were assumed to be unshielded from external gamma radiation.

Exposure parameters for this scenario are summarized in Table 1-1. The calculations that use these
parameters to estimate intake are presented in Table 1-2.

EPA (1997) directed E & E to evaluate the agricultural worker scenario at the North 1 and North 1]

offsite future residential locations from the baseline risk assessment. Exposure point concentrations for
contaminants in air and soil at these locations are presented in Table 13
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2. Toxiclty Assessment

Since the baseline risk assessment was prepared, the slope factors for radionuclides have been revised.
The current values, presented in HEAST (EPA 1995b), frequently vary from the older values by a
significant ainount. The most recent toxicity values were used to calculate risks in this technical
memorandum. A comparison of the old and ncw slope factors is presented in Table 2-1.

Risks for the future RME residential scenario at the North Y and North II locations were recalculated
using the new toxicity values. - These results are presented in Table 2-2. Although many of the risks
associated with individual pathways and contaminants have changed, the total risk does not change
significantly. This is because of the comparatively small change to the slope factor of the primary risk
driver, external exposure to Radium-226+D.

3. Risk Characterization

Table 3-1 presents the estimated excess lifetime cancer risks and non-cancer hazard quotients for the
agricultural worker scenario. - Table 3-2 shows the details of the risk calculations by pathway.

North I Location. The total excess lifetime cancer risks associated with potential exposure to metals
was 3E-5; ingestion of arsenic (2B-5) was the primary contributor to the total risk cstimate. The total
excess lifetime cancer risks associated with potential exposure to radionuclides was 6E-4; external
exposure to radium-226+D (6E-4) was the primary contributor lo the total risk estimate. Hazard
quotients were below 1 for all pathways.

North Il Location. The total excess lifctime cancer risks associated with potcntial exposure to metals
was 7B-6: ingestion of arsenic (SE-6) was the primary contributor to the total risk estimate. The total
excess lifetime cancer risks associated with potential exposure to radionuclides was 1E-4; external
exposure to radium-226+D (1E-4) was (h¢ primary contributor to the total risk estimate. Hazard
quotients were below 1 for all pathways.

Background. Excess lifetime cancer risks at the background location were calculated at the background
location. Table 3-3 presents the incremental risk over background for the North I and North IT
locations. Table 3-4 shows the details of the background risk calculations, Risks associated with
ingestion of metals and exposure (o radionuclides exceeded background at both locations; incremental
risks were highest at the North I location. .

4. Summary and Conclusions

LGxcess lifetime cancer risks associated with exposure to metals and radionuclides exceeded background
at both the Narth I and North 1 locations. External exposure to Radium-2264D was the primary
contributor to risks at both locations. This pathway yielded risks of 6E-4 at thc North T location and
1E6-4 at the North 1I location.

Table 4-1 presents a comparison of risks for the agricultural worker scenario and the future RME
residential scenario presented in the bascline risk assessment (EPA 19954). Excess lifetime cancer risks
associated with exposure to radionuclides are about one third as high in the agricultural worker scenario
as in the residential scenario; risks associated with ingestion and inhalation of mctals are about one fifth
as high in the agricultural worker scenario as in the residential scenario.

ZM35102.0
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Table 1-1

Agricultural Worker Scenario Exposure Factors

RMR Exposure Factors
Exposure Route Noncarcinogens
ngestion Rate (mg/dy)
"Exposure Frequmcy (days/year) 185 185
"Exposure Duration (years) 25 25
Body Weight (kg) 70 70
Averaging Time (days)’ 9,125 25,550
S —— .
nhalation Rate (m'/day) 30 30
Exposure Frequency (days/year) 185 185
Exposure Duration (ycars) 25 25
[Body Weight (kg) 70 70
Averaging Time (days)" 9,125 25,550

8ia

Gamma Shielding Factor (unitless) NA 0.0(b)
"Gamma Exposure Factor (unitless) NA 0.25(c)
xposure Duration (ycars) NA 25

70 years X 365 duys/year.

e lcdeecd 5

mnthea

1(#) Averaging time for noncarcinogene is the exposure duration x 365 days/yr. For eatcinogens it is

"

gricultural worker scenario,

[:) Waorkers assumed to be
(

= not applicablc

©) Gamma factor derivad: ((12 Wd x 185 diyr x 25 yr)/(24 Wd x 365 dyr x 25 yr))
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Table 1-2
Calculation of Intake and Exposure Factors for the
Agricultural Worker Scenario

Calculafion of Oral Intake iacto?ffnorgnnics in soﬁs)

ake Factor = (Ingestion Rate x Exposurc Frequency x Exposure Duration)/(Averaging Time x 13ody Weight x 10° ma/ke) ‘
) Ingestion Exposure Exposure Averaging Body RME
Ruate Frequency Dutration Time Weight Intake Factor
d or Risk (mg/d) (diyn) (Vi3] @ (kp)
on-cancer 100 185 ' 2s 9,125 70

100 185 25 25,550 70

Calculation of Oral Intake Factor (radionuclides in soil)
take Factor — Ingostion Rate x Exposure Frequency x Exposure Duration x Conversion Fuctor

Ingestion Exposure Fxporure Conversion RME
Raie Frequoncy Duration Fuctor TIntake Factor
azard or Risk (mp/d) (dhm) on (/mg) 1/d

¢

Cancer __100 185 25 0.001

Calculation of External Exposure iactor (radionuclides
osure Factor = Lixposure Duration x (1-Gamma Shiclding Factor) x Gamma Ixpusure Faclor

Expasure Gamms Gammna FExpovure
Duration Shiclding Exposure Factor
Hazard or Risk - (yn) Factor Time factor
Hc@eer 25 _0®) 0.25(b)
Calculation of Inhalation Intake Fuctor (inerganics in air)
" ||intuke Tuctor ~ (Inhalation Rato x Exposurc ¥roquency x Expesure Duration)/(Avcraging Time x Dody Weight)
Inhalation Exposurc Exposure Averaging Body RME
_ Rate Frequency Duration Time Weight Intuke Factor
or Risk _(nYd) (dfyr) Gn ‘ @ (k) ' /kp.d
on-cancer 30 185 25 9,125 70
Ancer 30 1R5 25 23,550 70

alculation of Inhalation Intake Factors (radionuclidex in air)
itake Factor = Exposurs Duration x Exposure Frequency X Inhalation Rate

Exposure Exposurc Inhalation RME
. Duration Frequoncy Rate Intuke Faclor
or Risk () (diyr) (m'/d) ;
fCancer 25 185(d) 30

shading highlights the caleulated values :
a) Workers wmstmed Lo be inshielded in tha agricultural worker seenntio.
) Gamma factor derived: ((12 /d x 185 dyr x 25 yr)/(24 Wd x 365 dyr x 25 y7))

AgWorkerl-2
1/20/07
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Table 1-3
Exposure Point Concentrations
Agricultural Worker Scenario

[|Soils (my/kyg or pCi/p) : Background
coc North It | North1 | (soit UCL)
[lArsenic 10.4 34 4.4
[[Botyltium 14 3.7 12
llCadmium 16.1 153 2.1
|Vanadium 68.3 n . 258
lead2100D | 69 | 65 2.5
[Radium-226+D 2.5 13 19
l'.['hoxium—230 31 12 14

[COC North 11 | North I
Arsenic 40B-08 | 9.3E-07
{Berylliumn 6.7E-09 | 1.5E-07
flcadmium 5.1E-07 | 12B-05
[Vanadium 1.0E-06 | 2.0E-05
[Lead-210+D 15804 | 2.9E-03
Radium-22G+D 2.3B-05 | 3.9R.04
Thorium-230 25805 | 4.4E-04
|Uranium-23 8+D 2,4E-05 | 4.4E-04

AgWorker]-3
1/2097
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Table 2-1
Comparison of Radionuclide Slope Factors
Slope Factors used in Basoline Human Health Rigk Assersment Slope Factors used in cnrrent evaluation
: From HEAST, 1994 From HEAST, 1995
Oraf SF Teisal. SF Extern. SF Oral SF Inhal. SF Extern. SF
Radionuclids (riskpCi) grisk/pCi) (riskiyn/pCilg) _ (risk/pCi) {isk/pCh) (riskiyr/pCifg)
fcad-210+D 6.6E-10 4.0B-09 L6E-16. 1.1E-09 3SE409 1.3E-10
Radinm-226+D. 1.2E-10 30809 5.0E-06 3.0B-10 2.8E409 6.TE06
Thorium-230 13E-1 2.9E-03 SAR-11 38B-1L L7E08 4.4E-11
[Uraninum-238+D 2.0E-1) 24E-08 S.1E08 6.26-11 1.2E-08 53508
AgRorker2-1
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Table 2-2

Comparison of Future RME Residential Risks

|

Risks calculated in Baseline Risk Assessment

Shading mdl"‘..dfr.\ Total Risk from all chemicals and pathrvays.

Risks calculated using current slope factors
North 1 [ngestion | External | Inhalation| Total | Ingestion | External | Inhalation | Total |
Lead-210+D SE-5 2E-7 2E-6 6E-5 . | O9E-5 2E-7 2E-6 9E-5
Radium-226+D 2E-6 2E3 2E-7 2E-3 5E-6 2E-3 2E-7 2E33
Thorium-230 2E-7 2E8 3E-6 3E-6 6E-7 IE-8 2E-6 2E-6
Uranium-238+D 3B7 1E-5 2E-6 28-5 9E-7 1E-5 1E-6 2E-5
Totals 6E-3 2E-3 8E-6 1E4 2E-3 5E-6
North IT
fLead-2104D 6E-6 3E-8 1E-7 6E-6 9E-6 2E-8 1E7 | 1E5
[Radium-226+D 4E-7 4E-4 1E-8 4E~4 9E-7 4E4 1E-8 4E-4
Thorium-230 SE-8 4E-9 2B-7 2E-7 1E-7 3E-9 9E-8 2E-7 JI
Uranium-238+D 7E-8 3E-6 1E-7 4E-6 2B-7 4B-6 6E-8
Totals 6E-6 4E~4 4E-7 1E-5 4B-4 3E-7

FZIBESS 0L 2£86 129 SBCINIWNOHINNT 8 AB0TI003 a4 2E:T1 46t 1C NUl

STt/68'd
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Table 3-1
Agricultural Worker Scenario
‘Risks at North I
B _ - " Cancer Risks 2|
Contaminant of Convern Ingestion Extomal | Inhalaion | TOTALRISK
[Arsenic 2E-5 - 406 2E-5
[Beryllium , 4E-6 - 9E-8 4F-6
wlmium - - GE-6 GE-6
r Pathway Risk 2E-5 - 9F-6
RADIONUCLIDES ,
fLeud-210+D 3E-5 6E-8 2B-6 3IE-5
adiumn-226+D 2E-6 6E4 18-7 6E-4
| Thorium-230 2E-7 3E-9 15-6 IE-6
| Uranium-238+T) 3E-7 4E-6 8B-7
| Patbway Risk| _ 4B-5 564 | 486

{[Shading indicates Total Risk from all chemiouls ond pathways,

Table 3-1 (continued)
Agricultural Worker Scenario
Risks at North 11
Cancer Risks -
Contaminant of Concern Ingestion Cxternul Inhalation TOTAL RISK

[Arscnic - 5E-6 - IET SE-6
- [Beryllium 2E6 - 4E-9 2H-6

iCadmium 2E-7 2E-7

f Pathway Risk 6E-6 4E-7

[[RADIONUCLIDES

flLcad-210+D 3E-6 65-9 8E-8 4k-6

[Radium-226+D 35-7 JE-4 9E-9 1E-4

Thorium-230 Sk-8 9E-10 - 6L-8 1E-7

[Uranium-238+D 8E-8 9K-7 4E-8

| Pathway Risk 4E-6 1E-4 2E-7

l_ading indivates Totd Risk from wlf chemicals and pathwaye.

AgWarker3-1
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Table 3-2 .

- - -

Calculation® of Hazards and Risks .

Agricultural Worker Scenario 9

=X

=N

Refezence Doses (RID) and bd

Factars (Table 1-2) Slope Factars (SF) Hazaed Quottents and Caficer Risks W

Oral Intake : Bxtemal | Inhalation { Non-Cancer Cancer - Motalw/Rads )

Metals Radionuelides | Expasune Intake RIDs SFa Hazard Cancer Risk T

Non<Cancer | Camcer Catcer Cancer Cancex Oral RID Orat | Extemal | Inbafation] Quetient | Ingestion | Extermal | Inhalution { TOTAL I'§

g

S

12847 2.6E-07 - - TRE-02 3.0E-04 1, m+uu - 5.0E+01 | 2.SBA2 4.7E-06 - 1.5E07 | 4.9E-06 || =4

122407 2.6E-07 - - T.5E42 5.0B-03 | 4.3E+00 - R4E+0D | 2.0B04 1.6E-06 - 44E49 | 1.6B-06 0

m

T2E47 | 26607 - - 782 | 1.0B-03 - - | 6iEH0| 12E02 - - 2.4E07 | 248407 %

[Vanadium &8 1E-06 1.2E497 26E-37 - - 7.3E-02 7.0E-03 - - - 7.1E-03 - - - - é

| ' Putway Risk| 6.3E06 | - .| 40B-07 PATEAE Z

| - m
|RADIONUCLIDES . -

freszom 1 6o | mos - 1| - 4SE2 | 63500 | E4E005 |~ [LIE09| 0sB0 | 3sEw| -~ | 3sm06 | 6305 | 798408 | 3eEus N

" 12}

i [Ragime-226+D 2.5 2E-DS - - 4.6E+02 6.3E+0D { 1.4E=035 - 3.0B-10 | 6.7B-06 | 2.4E-09 - 34E-07 | L1E-0£ | 8.BE-09 | 11E-04 o

| . g

\ Thotitm-231) 3.1 2E-05 - - 4.6E+02 G3E+DD | 1.4E+DS -~ 38E-I1 | 44B-11 | L7E-G8 - 5.4E-08 | 8.6E-10 | 59E-08 | L.1E-D7 pm-x

| Tranium-238-0 28 | 28405 - - 4.6E+02 6.3E+00 | LaB+0S - 62E-11 | 5.3E-08 | 1.28-08 - ROE0R | 93E-07 | $2B08 | L1E6 %

: T W
Pathway Risk| $.0E-06 i8]

_’

o

a) Units ar¢ not shawn for concendrations, facters, or faxsity vahuss; units are Listed in Tabde B-3, Appendix A, Section 2.0 of tve baseline dsk assessment. g
QW

Q

=Y

)8]

s

S1/11°d
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Table 3-2 (continued) N
-
Calculation® of Hazards and Risks .
. N 1]
Agricultural Worker Scenarto |
-
=
Reference Doses (RED) and W
Factors (Tabk 1-2) Stape Factors (SF) Hazard Quatizons 210 Cancer Risks :‘1
Orat Intake Extemna] | Imhalation | Noo-Cancer Camoer - MelaliRads 0
Conueniration Metals Radionuclides | Frposure | Intake RfDs SFs Hazard Cancer Risk g
i Non-Canoer | Cancer. Cancer Cancer Cancer Oral RID Oral | Extemsl | Ioholation| Quotiest | IngesSon | External | Enhalatian | TOTAL [Q
Q
2
1.2B-07 2.6E07 - - 7.88-02 3,0E-04 L.3B+0 - SOE+01 | H.2E-)2 1.3E45 - 3.6B-06 { LIEGS 00
T.28-07 2.6E07 - - 7 EE-U2 5.0E-03 | 4.3B+0 L - S4E+DD | S.4B-1)4 4.1E46 - 9.4E-08 | 4.2E-06 m
Zz
T.2E-07 2.6E-7 - - T8E-02 1.0E-03 - - 6.1E+00 ] 1IE-01 - -~ 5.6E-06 | S.6E-08 S
> e
T.28-07 2.6EQ7 - - T.8E-02 7.0B-03 - - - 3.3B-02 - - - %
Pathway Risk] 20E-05 | - | 5.3E46 &
=z
IC_)NL'CI.IDES Rj
IPad-ZlD‘-D 63 3E-03 - - 4.6E+02 631:400 L4E+)S - 1.1E<09 | 3.SE-10 | 3.9E-p% - 3.36-05 | 6.0E-08 | 1.6E-06 | 3.4E-05 g
Eﬂdhlm-ZZGi-D 13 4E-04 - - 4.6E-02 63E+0 | L4ENS - 3.0E-10 | 6.7E-06 | 2.8E-0% - 1.8E-08 | S.6E-04 | LSB-07 | 5.GE-0% %
— =
[Thoricm-230 12 AE04 - - 4.6E-02 63E40 | 14E+HOS - 3.3E-11 | 4.4E-41 | 1.7E-GE - 2EEQ7 | 33E-0Y | 11E-06 | 1.3E06
hL‘muinm-Zi 8+D 11 4E-4 - - 4.6E-02 §.3E-0Q 1.JE+05 - 6.2E-11 | 5.3B-08 | 1.2E-G8 - 32B47 | 3.7R-D6 | 7.6E-D7 ] 4.7E-06 8
0
Pathway Risk} 3.SE05 | 5.6E-04 | 3.5E-06 k =
o
a
FKa) Uis are nof shown for comcentrations, tactors, or foxicigy vales; wnibk are listed in Table B-3, Appzendix A, Sectioi 2.0 of thz basefine sk agsessment, a
2
N
H

S1.2t'd

AgFurker 22
12097
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Table 3-3
Incremental Risk Over Background
Agricultural Worker Scenario
T “SCENARIO RISK |
| . Site* Background® | Ingest External | Inhalation
MRTH T ’
[Metals 3E-S 3E-6 3E-5 9E-6
IRadionuclides 6E-4 8E-5 SE-4 4E-6
[NorTH I _

Metals TB-6 3E-6 3E-6 4B-7
l‘Radionuc]jdes _ _1E4 8E-5 3E-5 2B-7

(a) includes ingestion, extcma],_and inhalation. T —

(b) Includcs ingestion and external,

AgWorker3-3
1720097
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Table 3-4
Calculation of Hazards and Risks at Background
Agricultural Worker Scenario

T NI

ra) Units are not showa for concentratioas, factors, or taxicity values; units arz listed in Table B-3, Appendix A, Section 2.0 of the baseline risk assessment.

@0

\]

S

—

Factors (Table 1-2) Reference Doses and Slope Factars Hazard Quotients and Cancer Risks w

External Non-Cancer Cancer -MetalsRads u

Sail’ Oral Intake Exposure RfDs S Hazard Cancer Risk %

jlcoc Concentration Noa-cancer Cancer Canoer Oral RfD Oral External Quotient External TOTAL m
Arsenic 14 | 72E07 26B.07 - 3.0E-04 1.BE+0D - 1.1E402 - 8
2

|[Beryllium L2 72E-07 2.6E-07 - 5.0E03 4.3E8+00 - 1.7E404 - 8
Pathsvay Risk AR - =

0

J[Radianuclides m
Lond-210 2.5 - 4.6E+02 6.3E+00 - 1.1IE-09 L5E-10 - 1.3E-06 23E09 1.3E06 %
Radium-226 1.9 - 46E+02 | 6.3E+00 - 3.0E-10 6. TE06 - 2.6E-07 2.1E05 8.1E05 g
[Thorium-230 1.4 - 4.6E+02 6.3E+0D - 3.8E-11 4.4E-11 - 2.4E08 3.9E-10 2.5E08 %
[Uranium-238+D 1.7 - 4.6E+02 6.3E+00 - 6.2E-11 5.3E-08 - 4.9F-08 5.7B-07 . 2
Pathway Risk w., sib6i]  82E05 B

3]

)]

N

[

0

[11]

(9]

N

—

Q

9)]

A

(]

S

[y

N

B

St v1'd
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Table 4-1
Comparison of Risks for Agricultural Worker Scenario
and Future Residential RME Scenario

I == —— —
} r SCENARIO
| Agricultural Worker | Futurs Residential RME
| B — —
i ORTH I ,
Metals 3B-5 1E-4
Radionuclides 6E4 _ 2E-3 _
- = =
i NORTH Il | B -
| E:emls : 7B-6 4E-S
diomuclides 1E-4 ‘4E-4

AgWaorkerd-1
1720097
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